Abstract: Surface properties of commercially available polytetrafluoroethylene (PTFE) foils of different thicknesses were examined using three different methods: AFM, study of a electrokinetical ζ-potential and measurement of a contact angle by goniometry. It was found that the front and back sides of the foils exhibit different surface morphology and roughness, different values of the ζ-potential and contact angle. The contact angle and the ζ-potential are decreasing functions of the foil thickness.
Introduction
Because of the strength of the carbon-fluorine bond the polytetrafluoroethylene (PTFE) is chemically resistant, thermally stable and "practically" insoluble. It is resistant to light irradiation and embrittlement. The PTFE has extremely low fiction coefficient and its mechanical properties are almost temperature independent in a wide range of temperatures from 20-250 °C. The decomposing temperature of PTFE is 360 °C and it burns at 500-560 °C. For its extraordinary properties PTFE finds numerous applications [1] [2] [3] [4] [5] [6] [7] , e.g. in medicine (blood vessel implants), in construction of chemically resistant devices working with aggressive media, in electrotechnical and semiconductor technology (cables, isolants), in fabrication of self-lubricating bearings or as surface coatings of kitchen dishes.
It is well known that the surface properties of polymers may depend on the technique used for their fabrication. PTFE, in contrast to other thermoplasts, cannot be prepared by orientation of foils at elevated temperature. For many applications the knowledge of the surface properties of polymers is of crucial importance.
In this work the surface properties of PTFE foils with thicknesses varying from 5-100 µm are studied. The properties measured on the front and back sides of the foils are compared. Surface morphology and roughness are studied by AFM, surface electrokinetical ζ-potential is determined by an electrokinetic analyser and surface contact angle by a standard goniometry.
Results and discussion

Surface morphology and roughness
AFM images illustrating the surface morphology and the average roughness (R a ), determined on the PTFE foils of different thicknesses and on the foil front and back sides, are shown in Fig. 1 In what follows the foil side with lower roughness R a (for a given foil thickness) is denoted as the 1 st side. It is clear that the surface morphology and roughness of the PTFE foils depend on the foil thickness and the foil side examined. A lamellar structure observed on the 2 nd side of the foils with thicknesses below 25 m may be a manifestation of local crystallic arrangement of PTFE macromolecular chains. However, no such structure is observed on thicker foils and on the foil 1 st sides. Regardless of the foil thickness the foil 2 nd side exhibits significantly higher roughness. The apparent differences in the surface morphology and roughness between the foils of different thicknesses and between the opposite foil sides may be due to the common method of the fabrication of the PTFE foils consisting of mechanical slicing of a polymer bulk. The C-F bond is strongly polar due to high fluorine electronegativity. However, thanks to the arrangement of its polymer chains ([-CF 2 -CF 2 -] n ) the PTFE exhibits highest contact angle among thermoplasts (e.g. PE, PP, PS, PET) [8] and it is commonly considered as an unpolar, hydrophobic polymer. The dependence of the ζ-potential on the foil thickness for the 1 st and 2 nd foil sides is shown in Fig. 2 . and the similar dependence of the contact angle in Fig. 3 . Both, the ζ-potential and the contact angle decrease monotonously with the increasing foil thickness. Lower value of the ζ-potential and higher contact angle observed on the foil 2 nd side indicate higher hydrophobicity and lower wettability which could be related to higher roughness of the foil 2 nd side observed in AFM measurements (see Fig. 1 ). 
Surface ζ-potential and contact angle
Conclusions
AFM measurement of the PTFE foils of different thicknesses, accomplished on both the front and back foil sides, has shown that the surface morphology and roughness depend strongly on the foil thickness and the foil side. A lamellar structure is observed on the rougher side of the PTFE foils with the thicknesses below 25 µm. The difference in the surface morphology and roughness between the front and the back foil sides may be due to the process of the foil fabrication (slicing from a polymer bulk). The contact angle and ζ-potential are decreasing functions of the foil thickness. Significantly higher values of the contact angle and lower values of the ζ-potential, indicating lower wettability, were observed on the foil side with higher roughness. Present results show that the surface properties of the as produced PTFE foils depend significantly not only on the foil thickness but also on the foil side. Therefore it is strongly recommended to perform all experiments with PTFE foils using the foils with a well defined thickness and respecting certain foil side. The above described differences are expected to be less important on other thermoplasts the thin foils of which are fabricated by the orientation at elevated temperature.
Experimental part
PTFE foils with the density of 2.2 g cm -3 , supplied by Goodfellow Ltd., UK were used in the present experiment. The foil thicknesses 5, 10, 25, 50 and 100 µm were chosen.
The surface morphology and the roughness of the foils were examined by AFM microscopy. The AFM images were taken under ambient condition of a Digital Instruments VEECO CP II set-up. "Tapping mode" was chosen in preference to "Contact mode" to minimize damage to the samples surfaces. Si probe RTESPA-CP with the spring constant 20-80 N m -1 was used. Repeated measurements of the same region (1x1 µm 2 ) proved that the surface morphology did not change after three consecutive scans. The mean roughness (Ra) representing the deviations from the centre plane of the sample was determined as an arithmetic average from ten independent measurements [9] .
Electrokinetic zeta potential (ζ-potential) was determined using a SurPASS Instrument (Anton Paar). The measurements were performed inside a special cell in contact with an electrolyte (0.001 mol dm -3 KCl). For each measurement a pair of polymer foils was fixed on two sample holders (with a cross section of 20x10 mm 2 each, separated by 100 µm) [8, 10, 11] . Each foil was measured three times at a constant pH value. The determination of the ζ-potential on planar samples is based on the measurement of the dependence of the streaming current I on the pressure p. The ζ-potential is calculated from the relation A L dp
where dI/dp is the slope of I vs. p dependence; η and ε are the viscosity and the dielectric constant of the electrolyte respectively; ε 0 is the vacuum permittivity; L and A are the length and a cross-section of the measuring channel [10] . Typical relative error of the ζ-potential was 10%.
Contact angles of distilled water, characterizing of the surface polarity and wettability of the foils, were measured at room temperature on two specimens and at 9 measuring positions using a Surface Energy Evolution System (SEES, Masaryk University, Czech Republic). Drops, 8.0 ± 0.2 µl in volume, were deposited using an automatic pipette (Transferpette Electronic Brand, Germany) and their images were taken with 5 s delay. Then the contact angles were evaluated using SEES standard code [8] .
